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@ Fluid suspension spring and damper for vehicle suspension system. 


® A veiiicle with a suspension system having a 
compressible liquid confined in a cylinder and com- 
pressed to a predetermined static pressure. A damp- 
ing piston is disposed on a double ended rod where 
the rods have different cross sectional areas to pro* 
vide a differential area which is acted on by the 
liquid to spring support the weight of the vehicle. 
The end of the larger rod is connected to the vehicle 
chassis and bearings In each end of the cylinder 
transfer high bending moments due to wheel loads. 
Friction Is reduced by eliminating contact between 
the large diameter piston and cylinder^ and limiting 
frictional contact to the relatively small diameter of 
the bearings and seals. Total fluid volume is in- 
creased to provide a lower spring rate by a fluid 
chamber within the rod, and apparatus is provided to 
control ride height by changes in liquid pressure 
and/or volume which also changes spring rate. Ap- 
paratus is also provided for adjusting damping and. 
thus effective spring rate from the fixed end of the 
rod. 
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FLUID SUSPENSION SPRING AND DAMPER FOR VEHICLE. SUSPENSION SYSTEM 


TECHNICAL FIELD " 

The technical field to which the Invention re- 
lates comprises the art of vehicle suspension sys- 
tems for absorbing road shock in the course of 
travel. 


BACKGROUND OF THE INVENTION 

In the art of vehicle suspension systems there 
have been several developments directed to im- 
proving the isolation of the vehicle frame from 
stresses. and excursions of the vehicle resulting 
from uneven or rough roadway conditions and oth- 
er factors inducing vibration in the vehicle under- 
carriage. Hydraulic, and/or copribination pneumatic 
and hydraulic suspension systems are desirable for 
several reasons including, improved fatigue life of 
the mechanism, vibration damping characteristics, 
reduction of peak force transmission and the con- 
tributiori of the mechanism to flexibility and the 
design of vehicle undercarriage and frame. How- 
ever, prior art hydraulic suspension spring and 
vibration damper mechanisms have disadvantages 
which have presented certain problems detiracting 
from their abifity to fulfill the suspension needs 
frequently sought by the owner or operator of the 
vehicle. 

For many years, the suspen^on system most 
commonly utilized on roadway type vehicles such 
as passenger cars has been comprised of the 
combination of a coil , spring and shock absorber at 
the front wheels and a coil spring or leaf spring and 
shock absortaer at the rear wheels. Operating char- 
acteristics of each were typically selected by the 
automobile manufacturer for the average anticipat- 
ed loads to be encountered and/or the ride comfort 
level sought to be maintained. By far. the majority 
of such systems lack any form of on-site adjust- 
ment to accommodate variances between actual 
load requirements and/or prefen-ed comfort levels 
other than that originally pnDvided by the manufac- 
turer. Where increased loading was to be encoun- 
tered subsequently, the ■ suspension components 
were either replaced with others having increased 
load capacity or external members were applied to 
the individual spring units whereby to somehow 
limit, control or cushion their stroke. Sorne shock 
absorber units have included pneumatic adjustment 
features for loading compensation, leveling or both. 

Shock absorbers are generally constructed of 
three basic designs. The conventional double tube 
hydraulic shock absorber has an outer reserve tub^ 


of hydraulic fluid and air siinroundlng its inner work- 
ing chamber. The reserve fluid is used to com- 
pensate for changes in volume that occur in the 
pressure tube as a result of piston rod movement. 

5 The single ' tube . gas pressurized or de-carbon 
shock has a separate pressure chamber containing 
nitrogen gas at about 400 psl In line beneath the 
working chamber. The two chambers are separated 
by a floating piston which moves up and down to 

10 balance the pressure of the gas below and the oil 
above as the volume of the working chamber 
changes with: piston rod travel. The double tube 
gas shock absorbers have an outer reserve tube 
like conventional shocks, however, the hydraulic 
'IS fluid is charged with low pressure gas. When the 
shock extends, the fluid has a positive pressure 
preventing cavitation, under most circumstances 
while keeping the damping valving free of foam so 
as to effect a more consistent damping. 

20 . With the advent of the smaller autos many of 
which have, front wheel drives, lesser space than 
. before was available for installing the suspension 
system and for which the McPherson strut has 
been largely adopted by the automobile manufac- 

25 turers. The McPherson strut essentially comprises 
a combination of the previous functions of the 
separate, spring and shock absorber. At least some 
of such struts include the: feature of damping ad- 
justment operable by opening and closing of orifice 

30 ■ means to control the flow rate of the damping fluid 
during excursions of bounce and rebound- Load 
capacity has substantially, been preset such that 
the steel spring rate is maintained constant witiiout 
affording any adjustment capability. 

35 Clearly lacking In such suspension systems of 

the prior art is the ability to vary the spring rate 
individually by wheel via an on-site adjustment to 
more specifically meet the desired or changed 
suspension requirements to be sustained by the 

40 vehicle. Different individuals purchasing the same 
model vehicle may indeed have different prefer- 
ences for the response characteristics of the sus- 
pension system.- While most will be satisfied with 
the system provided by the manufacturer, at least 

45 some will prefer or require substantially different 
suspension characteristics from that originally pro- 
vided with the vehicle at the time of manufacture. 
By way of examples, the elderiy frequently prefer a 
softer more comfortable ride whereas the young 
50 may prefer Vrxe harder ride for racing or whatever. 
Buses or tractor-trailers for example may also pre- 
fer one characteristic over another depending on 
the type of cargo, cargo weight to be inansported 
and/or degree of comfort to be afforded. The type . 
of terrain or road conditions may to a large extent , 
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. dictate or at least influence the desired suspension 
characteristics. The virtue of having the flexibility 
and versatility of custom tailoring the properties of 
the vehicle suspension system have therefore been 
known but despite recognition thereof an ec- s 
onomlcally satisfactory solution therefor has here- 
tofore been unknown. 

SUMMARY OF THE INVENTION ,o 

The invention relates to a vehicle suspension 
system. More specifically, the Invention relates to 
an improved hydraulic suspension system for ve- 
hicles affording the versatility of enabling the spring 75 
rate of the suspension system to be adjusted In- 
dividually at each wheel for custom matching the 
operational characteristics of 'the suspension sys- 
tem to a preferential performance for the vehicle. 

In accordance with one important aspect of the 20 
present invention, there Is provided a suspension 
strut effecting the combination of a spring and 
shock comprising a tubular housing and a double 
faced damper piston within the housing integrally 
part of an elongated stepped diameter piston shaft 25 
extending to outward of the housing. The housing 
is filled with a compressible fluid, preferably com- 
prising a silicon composition having a suitable 
compressibility factor and compressed to a pre- 
determined staHc value of pre-charge pressure. 30 
The strut per se is comprised of an elongated 
tubular cylinder adapted to be mounted between 
the wheel support and the underframe or carnage 
of the vehicle. Contained within each cylinder is a 
fluid cavity of controlled volume defined In the 35 
spacing between two spaced apart glands, com- 
prising an upper gland and a lower gland at>ove 
and below the damping piston respectively. From 
within the cavity the damper, piston is dual sup- 
ported by the stepped diameter shaft/jalston ex- 40 
tending integrally from the upper and lower faces 
of the damper piston through the upper and tower 
glands. The shaft/piston provides both reciprocal' 
bearing support for the shaft ends and a liquid seal 
for the cavity, A differential cross-sectiona! area 45 
defined between the upper and lower shaft porBons 
enables a response of relative differential force 
between the bounce and rebound in the course of 
cylinder excursion. Damping is achieved by parallel 
flow orifices .defined about the damper piston: By 50 
virtue of the double ended support of the 
shaft/piston, a bearing load on the piston is per se 
avoided. 

When load changes occur, the balance of 
forces on the bounce and rebound sides go Into 
imbalance with one side compressing while the 
other expands instantaneously. As the pressure 
differential is incurred, strut excursion is effected 
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before damping flow Is initiated. The result of this 
relationship Is to afford a quicker rate of compli- 
ance than previously available. Incident thereto, the 
potential energy build-up in the tires and unsuspen- 
ded components is reduced enabling faster vehicle 
travel velocities without loss of vehicle control while 
reducing the peak transmitted force to the- various 
unsuspended components. As a consequence, a 
lesser peak impact force is generated resulting in 
the need for less energy to be dissipated. 

In accordance with another important aspect of 
the prissent invention, start adjustment means is 
provided that Is readily accessible from the under- 
side of the vehicle on which the strut is installed. 
By means of presetting the adjustment the active 
post-installation volume of the fluid cavity can be 
reduced or increased to suit whereby to increase 
or decrease the precharge pressure Imposed on 
the compressible fluid within the cavity. The effect 
of the changing volume of the pre-filled cavity is to 
impose, an inversely con-elated change on the 
spring rate properties of the fluid and in turn on the 
operating suspension characteristics of the suspen- 
sion system. 

In a still further important aspect of the inven- 
tion, a control bleed path comprisirig a hydrauli- 
cally parallel division of the damping orifice is . 
provided between the opposite surfaces of the pis- 
ton for controlling the dynamic pressure and damp- 
ing associated with excursions of the housing. As 
an optional feature, the flow area of the parallel 
damping orifice can be selectively varied to change 
the damping characteristics of the system. 

In a still further aspect of the invention, there is 
provided a novel seal construction In the gland 
areas about the individual shaft 6nds In which the 
glands provide a controlled spread apart support of 
the bearing load while the seals prevent loss of 
fluid despite the magnitude of differential dynamic ' 
fluid pressures being imposed thereat 

The atxjve noted features and advantages of 
the invention as well as other superior aspects 
thereof will be further appreciated by those sWIIed 
in the art upon reading the detailed description 
which follows in conjunction with the drawings. 


BRIEF DESCRIPTION OF THE DRAWINGS * 

Rgure 1 is a side elevation of an automotive 
type vehicle utilizing the spring suspension system 
in accordance herewith; 

Rgure 2 is a sectional elevation of a front 
.spring suspension strut of the type utilized in the 
55 automobile of Rgure 1 ; • ' • 

Figure 3 is a sectional view taken substan- 
tially from the position 3-3 of Rgure 2; 
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Rgure 4 is a fragmentary view similar to 
Figure 2 Illustrating a first adjustment modification 
in accordance with the Invention; 

Rgure. 5 is a fragmentary view similar to 
Rgure 2 illustrating a second adjustment modifica- 
tion in accordance with invention: 

Rgure 6 is a fragrnentary view siniilar to 
Rgure 2 illustrating a third adjustment modification 
in accordance with fr>e invention; ' 

Rgure 7 is a ft*agmentary view similar to 
Rgure 2 of a rear spring suspension strut utilized in 
the automobile of Rgure 1 ; 

Figure 8 is a load versus deflection curve 
derived from the suspension strut hereof supported 
on the front suspension of a 1986 Ford Escort; 

Rgure 9 is a load versus deflection curve for 
the modification of. Rgure 6; and 

Rgure 10 is an enlarged view for an optional 
modification in the suspension strut of Rgure 2 to 
enable adjustment of damping characteristics. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENT 

In the description which follows like parts are 
marked throughout the specification and drawings 
with the same reference numerals respectively.. 
The drawing figures are not necessarily to scale 
and in certain views parts may be drawn rotated 
into the plane of the drawing for purposes of clar- 
ity. 

Referring now to the* drawings and in particular 
to Rgure 1, there Is Illustrated an automotive ve- 
hicle 10 in- which the spring suspension struts in 
accordance with the Invention are designated 12 
and 13 as installed front and rear respectively. 
Such suspension struts can be supplied as original 
equipment by the manufacturer of auto 10 or can 
- optionally be installed post manufacture as replace- 
ment equipment any time during the life of .the 
auto. 

Refening now to Rgures 2 and 3, the suspen- 
sion start 12 (and 13 except for the modification of 
Figijre 7) in accordance herewith is comprised of 
* an elongated tubular housing 14 on which a brack- 
et 16 is secured .for mounting onto the wheel 
support (not shown) of the vehicle 10. For securing 
the strut to the frame 18 of the vehicle elongated 
stepped diameter shaft/plston 20. as will be de- 
scribed more fully below, includes a shoulder 21 
and a threaded end 22 extending through an ap- 
erture in frame channel 23. A lock nut 24 when 
tightenejd down secures the rod and suspension 
strut against the frame. Supported at the upper end 
of the rod is a resilient bounce pad .26 contained in 
a bounce retainer 28 in turn secured to neck 29 of 
the rod via opposing bolts 30 and 32. 


Within housing 14- there is defined within the 
inside wall surface 15 a cavity 48 filled with a . 
■ compressible silicon liquid 25 and a damper piston 
38 integrally formed in shaft/piston 20. From the 
5 frame connection, the upper rpd piston 37 of 
shaft/piston 20 extends inward of . the housing to a 
chamfered shoulder 34 merging with a segment 36 
of Increased diameter alx»ut which damper piston 
38 Is coaxially formed. Similarly extending from the 
70 underside of piston 38 is a lower rod piston 40 
fomied as an integral extension of shaft/piston 20 
and which terminates at a distal end 42. 

In the course of travel by auto 10. the housing 
14 will incur excursions by way of bounce in the 
75 direction ol arrow 44 and rebound in the direction 
of an-ow 46. The open volume sunrounding piston 
38 defines the divided cavity 48 filled with fiuid 25 
and which extends substantially between the ex- 
posed underface 50 of upper gland- 52 and the 
20 exposed upper face 53 of bottom gland 54. Each of 
glands 52 and 54 are sealed to the housing 14 by 
resilient 0-rings 55 with gland 52 being secured to 
the housing via threads 56. 

Comprising upper gland 52 is the body portion 
25 threaded at 56 to the Interior of housing 14 that 
termlriates outward thereof In an annular flange 58, 
Secured in an annular recess on the underside of 
the gland 52 is an annu lar cup-like cushion 60 
seated against a shoulder 62 which merges with a 
30 sleeve portion 64' so as lo define a cavity 66 
containing a compressed seal 68 for preventing 
loss of fluid fi-om cavity 48. A retainer ring 70 
secures cushion 60 in the recess while an annular 
wiper seal 74 contained in recess 76 at the op- 
35 ■ posite end provides a s^ backup to any fluid 
leakage past seal 68. Supporting the housing for 
reciprocal displacement . over shaft/piston 20 is a 
sleeve bearing 77 positioned against shoulder 75. 
Lower gland 54. by contrast to the above, is 
40 supported on the upper end of a spacer sleeve 78 
within housing 14 and has an open central bore 84. 
The lower , end of sleeve 78 engages a plug 80 
threaded into threads 81 at the underside of cyl- 
. inder 14. Provided in plug 80 is a vent hole 82 by 
4s which air can enter and be discharged from the 
central bore 84 of sleeve 78 in \he course of 
excursions being encountered by the strut. At the 
underside of gland 54 there is provided an annular 
wiper seal 88 contained in a recess 90. Contained 
50 • between seal 88 arid a shoulder 92 is a sleeve 
bearing 94 while above the sleeve bearing there is 
provided an annular compressed seal 96 main- 
tained in place in a counterbore 97 by a spacer 98 
in turn secured by means of a retainer ring 100. 
55 In the foregoing arrangement, an annular space 
102 at the underside of gland 52 provides a cush- 
ioning effect for the upper face 39 of piston .38 in 
the course of the rebound stroke whereas annular 
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space 104 at the topside of gland 54 provides a • 
cushioning effect for the underside 45 of piston 38 
during the bounce stroke. Internally extending lon- 
gitudinally continuous through shaft/piston 20 is a 
small diameter central bore 106 communicating 
with cavity 48 above piston 38 via a plurality of 
small diameter radial ports or apertures 108 and 
communicating with cavity 48 below piston 38 via a 
pluraillty of small diameter radial ports or apertures 
110 for reasons as will be explained. At the distal 
end 42 of rod 40. bore 106 is sealed off via a 
ttireaded plug 112 while at its upper end. for rea- 
sons as. will be understood bore 106 Is adapted to 
be opened and closed by means of a valved pres- 
sure tap 1 14. 

The rear strut 13 as further illustrated in Rgure 
7 is essentially similar in constructioa to the front 
strut 12 of Figure 2 except for details of mounting 
and dimension of components for a slightly altered 
operation. As shown in Rgure 7. the mounting of 
upper rod piston 37 to the frame 18 of automobile 
10 includes a rebound cone 116 positioned on the 
underside of frame 18 while the threaded end 22 is 
secured to the frame as before by a lock nut 24. 
• Whereas the front strut 12 may have a stroke 
dimension S of approximately four inches, the 
comparable stroke S of rear strut 13 may be about 
five and three/eighths inches. Both front and rear 
struts 12 and 13 typically utilize a diametral dimen- 
sion A of top rod piston 37 of about six to fifteen 
percent larger than the diametral dimension B of 
lower rod piston 40. For example, the finished 
diameter of upper rod piston 37 for both front and 
rear suspensions has been about 0.875 Inches 
whereas the finished diameter of. the lower rod 
piston 40 has been about 0,812 inches for both the 
front end rear suspensions. It will be understood in 
iaccordance with the construction hereof, that the 
shaft pistons 37 and 40 constitute pistons per se 
and are sized to support the vehicle load at the 
anticipated moments to be encountered. The shaft 
portions comprise the operative pistons- such that 
the relative differential areas thereof are effective in 
creating the desired spring curve characteristics 
sought to be achieved. 

Stepped segment 36 provides a still larger 
diametral dimension C sized to seat piston 38 and 
effect an exposed surfece area on the. top surface 
39 of damper piston 38 contributing a controlled 
correlation with the exposed surface area of the 
undersurface 45 of piston 38. Segment 36, In this 
relation, functions as a hydraulic cushion by ctosing 
flow from the upper rebound chamber to the outer 
internal wall of cylinder 14. It also serves to afford 
protection of the main seals from peak rebound 
pressure. 

Pursuant hereto, the diameter of damper piston 
38 is selected so as to effect a predetermined 


annular orifice clearance 41 extending between the 
periphery of piston 38 and the inside diameter 
surface- 15 of- cylinder housing 14 for controlled 
damping as will be understood. The selected clear- 
s ance 41 will depend on the specific application of 
. the suspension system in which the struts are to be 
installed and for automotive use typically is about 
- 0.030 to about 0.040 inches so as to provide damp- 
ing coefficients of about 0.3 on bounce and about 
w 0.5 on rebound. Such coefficients represent a per- 
centage of critical damping required for a bounce 
cycle. Likewise damper piston 38 includes an in- 
ward taper 43 along its longitudinal dimension of 
about 10 degrees that tennlnates at the merger 
IS with underface 45. This enables easier flow from 
the bounce chamber to the rebound chamber while 
restricting flow from the rebound chamber so as to 
remove more energy on rebound. For purposes 
hereof, the underface 45 of piston 38 has about ten 
20 percent lesser surface area exposed to fluid in 
cavity 48 then does the upper surface 39 whereby 
resistance to displacement of cylinder 14 In the 
upward bounce stroke 44 is greater than the resls-' 
tance to displacement in the downward rebound 
ss strokeof the cylinder. 

With the units assembled in the manner of 
Rgures 2 and 7. a controlled quantity of compress- 
ible fluid 25 is Introduced through pressure tap 114 
and bore 106 into cavity 48 via the apertures 108 
30 and .110. As fluid is being introduced, the static * 
deflection curve for the strut after reaching an initial 
loading (zero deflection) is as generally shown by 
the volume curve A. of Rgure 8. For the initial zero " 
deflection setting the damper piston 38 is placed in ' 
35 an Intennediate position within cavity 48 for a cor- 
responding static pressure load of the vehicle on 
which the strut is to be installed. The value of 
precharged pressure applied to the compressible 
fluid bears a direct con-elation to the spring rate 
40 properties at which the strut is to be operative. For 
automotive uses the initial precharge would typi- 
cally be on the order of 3000 psig to 4000 psig 
empty vehicle weight for operating at about 9000 
psig loaded. For a 2-g bounce, this typically would 
4S Increase to about 18,000-20,000 psig. 

Operation of the struts 12 and. 13 when In-, 
stalled on a vehicle is such that cylinder housing 
14 will incur a bounce sti-oke 44 and a rebound 
stroke 46 in the course of auto travel. Umiting 
so bounce 44 is the bounce pad 26.and the cushion- 
ing effect of cavity 104. Umiting the rebound 46 is 
the engagement of segment 36 and piston face 39 
against the cushioning cavity 102. Damping, or flow 
of tile compressed fluid 25 between the upper 
55 portion of the cavity 48 above piston 39 and the 
tower portion of the cavity below piston 38 during 
• the course of excursion of housirig 14 is controlled 
by the orifice dimension 41 and to a limited extent 
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by the hydraullcally parallel flow afforded between 
the radial apertures 108 and 110 via the connective 
bore 106. Determining tfie spring rate at which the 
excursion can occur is correlated to the value of 
the precharge pressure applied initially to the fluid 
through pressure tap 114. ft will be appreciated that 
with the diameter A of piston rod 37 being larger 
than the diameter B of pistori rod 40. the relative 
volume of fluid in the upper bounce versus lower 
rebound portions of cavity 48 will be relatively less 
■ in the former than in the latter. Should a bottoming 
out be incurred on the bounce stroke, the face of 
housing topflange 58 will engage bounce pad 26 
whereas damper piston surface 39 will encounter a 
controlled cushioning of fluid in cavity space 102 
on the rebound stroke. Seeing that the entire sus- 
pension loading is can-ied by the shaft/piston 20, 
the need for the combination springs and shock 
absorbers In the manner of the prior art is elimi- 
nated. Not only is the suspension therefore 
achieved with a single integral unit, .but the spring 
like properties can be factory preset to any desired 
. suspension characteristics sought to be maintained. 
Characteristically, the greater the differential dy- 
namic pressure between cavity chambers the faster 
and greater is the highly desirable damping effect. 

For an understanding of the structure enabling 
post-assembly adiustment of the fluid spring rate in 
^ cavity 48, reference is made to Rgures 4-6, 8 and 
9. As shown in Figure 4. the under end of cyfindef 
14 is internally threaded at 81 for a dimension Y in 
which to receive plug -80. The location of the plug- 
shown solid Is such that the internal spacer sleeve 
78 will position lower giand 54 rela tive to upper 
gland 52 so as to define a static load cavity length 
dimension X preset by the factory. Plug 80 in- 
cludes a hex head 120 for receipt of a socket 
wrench whereby the plug 80 can be threadedly 
advanced relatively inward or outward over the 
. provided length Y of thread 81. Advancing the plug 
inwardly causes a con-esponding inward displace- 
ment of sleeve 78 as lower gland 54 is moved 
upward. This reduces the cavity length X by a 
longitudinal dimension corresponding to the dis- 
placement of sleeve 78 while the volume of cavity 
48 Is reduced in correspondence thereto so as to 
impose a greater precharge pressure on the same 
fluid quantity previously supplied. Conversely, 
when displacing plug 80 downward cavity dimen- 
sion X and cavity volume are increased so as to 
reduce the precharge pressure applied to the fluid 
quantity previously supplied to cavity 48. 

To optionally; effect the foregoing adjustment 
via a power drive rather than manually, sleeve 78 
can be displaced electrically as illustrated in phan- 
tom in Rgure 4 or hydraullcally as illustrated in 
Figure 5. For the power drive version of Rgure 4, 
plug 80 is modified to Include a hexagonal recess 


122 in the underside of hex head 120. An electric 
motor 124 having leads 126 is secured in threads 
81 at the under end of sleeve 14 by means of a 
threaded collar 128 supported about the motor 
5 housing- Rotatably driven by motor 124 when en- 
ergized is an elongated hexagonal drive shaft 130 

* . extending Inward of recess 122 in a drive connec- 

tion therewith. As shaft 130 is caused to rotate, 
plug 80 will be rotated concomitantly for threaded 

70 advancement up or down as appropriate. A lock 
screw 132 secures the position of collar 128. 

For the optional hydraulic drive embodiment of 
Rgure 5, the underface of spacer sleeve 78 is 
engaged by a piston 134 slidably sealed against 

15 wall surface 15 by a resilient 0-ring seal 136. 
Received in cylinder 14 spaced and below piston 
134 is a pressure plate 138 sealed thereat via O- 
ring seal 140 and having a central threaded ap- . 
erture 142. A retainer ring 162 secures pressure 

20 plate 138 in position. Secured in aperture 142 and 
joined to hydraulic conduit 164 is a conduit con- 
nector 166. By means of hydraulic fluid 168 sup- 
plied or withdrawn to or from chamber 170 i-elative 
to a reservoir (not shown), spacer sleeve 78 can be 

25 caused to be displaced as above. 

The effect of precharge pressure on the spring 
rate of the fluid and consequent strut deflection can 
be appreciated with reference to the curves of- 
Rgure 8. With curve A of Rgure 8 representing the 

• 30 normal factory - pre-setting for a cavity volume of 

7.3 cubic inches, increasing the vehicle load from 
215 lbs." empty to about 700 lbs, will produce a 
strut deflection of about 3-2 inches. Increasing the 
■ internal pressure of fluid 25 by decreasing the 
35 volume of 7.18 cubic inches in the manner of 
Rgures 4 or 5 results in changed operating char- 
acteristics as represented by curve B. Under tiiose 
conditions, the start will not produce any deflection 
until a load of about 440 pounds is incurred and at 
40 700 lbs. will produce a reduced deflection of only 
about 1-6 inches. Conversely, increasing the cavity 
volume to 7.42 cubic inches as represented by 
curve C result in a deflection of about 1 .4 inches at 
a 2001b. and a 4.7 inch deflection at a 700 lb. 
45 loading. As established thereby, changing the 
spring rate of the fluid by altering tiie precharge 
pressure via changes in cavity volume has the 
effect of shifting tiie deflection curves in relation to 
. the magnitude of precharge pressure being ap- 
50 plied. Obviously the greater the deflection per unit 
force tiie softer, tiie ride and the lesser deflection 
the firmer tiie ride. 

For tiie embodiment of Rgure 6. the upper end 
of spacer sleeve. 78 Is necked down to a reduced 
55 diameter tubular flange 172 axially spaced a dis- 
tance F from, a corresponding flange 174 downwar- 
dly depending from tiie underface of gland 54. 
Contained within the annular spacing 176 thereat 
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encircling the flange is a pair of BeilevHIe springs 
178 and 180, 

In this arrangement, increased loading from the 
empty zero deflection load will first cause springs 
178 and 180 to be compressed toward each other. 
Concomitantly with compression of the springs, 
gland 54 Is caused to be displaced away from 
gland 52 and which displacement can continue 
until the end faces of flanges 172 and 174 engage 
each other. The effect thereof Is to expand the 
active volume of cavity 48 to the longitudinal limit 
provided by spacing F such that until spring com- 
pression is stopped, volume increases with pres- 
sure. This is represented by the relatively shallow 
initial .slope of curve portion S in Rgure 9 to the 
point W. Beyond that point additional loading will 
assume a relatively steeper slope as represented 
by curve portion T resulting, by the combination of 
curve portions S and T. in a dual spring rate from 
empty vs. full load. 

To vary the damping rate when desired, there 
is provided the optional features of construction 
exerriplified by Rgure 10, For those purposes, an 
elongated plug 146 is slidablj^ disposed within ver- 
tical bore 106 to .within the vicinity of piston 38. 
Supporting the plug, and to which the plug is 
connected, is an upstanding rod 148 of diameter 
less than that of bore 106 to permit fluid flow 
thereabout. The upper distal end of rod 148 is 
enlarged and threaded at 150 to form an adjustable 
threaded connection with end 22 of shaft/piston 20. 
Fbr adjustment purposes a hex head 152 is pro- 
vided while lock nut 154 secures the longitudinal 
position setting of the rod and plug 146. 

To effect damping, plug 146 includes a plural- 
ity of small diameter longitudinal bores 156 that 
corhmunicate fluid flow in the position illustrated 
from above and below the plug via ports 108 and 
110. Also included about the upper end of plug 146 
is an annular fmsto-conical taper 158 extending for 
a dimension V from the full plug diameter to a 
reduced diameter at upper end face 160. In the 
relation illustrated solid, near maximum damping 
flow is effected between apertures 108 and 110. By 
adjustably displacing rod 148 upwardly to place 
plug 146 at the phantom location, ports 108 be- 
come increasingly blocked so as to reduce the 
damping flow to and from ports 110. While it is 
contemplated that hex head 152 will be adjusted 
manually, either the electrically driven features of so 
motor 124 of Figure. 4 or the hydraulic adjustment 
features of Rgure 5 could.be readily adapted, 
thereto. 

By the above description there is disclosed 
novel fluid suspension stnjt apparatus for a vehicle 55 
suspension system. Not only does the strut hereof 
replace the previous combination of shock absort)- 
er and spring for controlling the ride properties of 


. the vehicle, but it affords the versatility of enabling 
the spring rate and/or the damping of the suspen- ■ 
sion system to be adjusted individually on site at 
each wheel. By means of the individual adjustment 
5 features; the ride and load properties of the sus- 
pension system can be custom matched to any 
preferential standard for the vehicle during the use- 
ful fife of the suspension system. Utilizing a unique 
construction of a double ended piston in combina- 
70 tion with a displaceable housing mounted about the 
piston ends in a fluid sealed relation, there is 
provided means for controltably varying the volume 
of the fluid cavity whereby the spring rate imposed 
upon the confined fluid can be readily increased or 
75 decreased as required to achieve the desired riding 
properties. Providing both the shaft support and the 
sealed relation are two spaced apart glands com- 
prising an upper gland and a lower gland each of 
which include a sleeve bearing, for supporting the 
20 stepped shaft/piston rods for relative reciprocal dis- 
placement of the cylinder thereon. At tfie same . 
time, the series positioned. seals afford a fluid tight 
seal against leakage of the pressurized compress- 
ible fluid from the cavity area. For eiffecting spring 
25 rate adjustment, one or both of the Individual 
glands are susceptible of being displaced relatively 
toward or away from the opposite gland so as to 
alter the votume of the inten^ening fluid cavity. This 
is achieved via a mechanical adjustment operable ' 
30 either manually or powered and accessible from 
beneath the vehicle. Optionally, the adjustment can 
be self effected by means of a construction con- 
tained within the cylinder and affording a dual 
spring rate from empty to full load. The effect of 
3S adjustment is to change the cavity volume whereby 
tiie quantity of contained fluid, is increasingly or 
decreasingly compressed for altering the spring 
rate of the fluid. The result thereof Is to change the 
deflection propertieis of the suspension system as 
<o controlled by the suspension strut: While described 
principally in terms of mechanical staictures, obvi- 
ously more automatic systems could be utilized 
involving electrical or pneumatic drives with or 
. without clutching, etc. 

An annular orifice clearance about the piston 
between the circumference of the piston and the 
internai diameter of the cylinder thereat enables a 
controlled damping rate as excursions of the cyl- 
inder are incurred in the course of use. Further 
modulation of the damping can be achieved by 
means of an optional adjustment feature disposed 
within a bypass extending internally about the 
damper piston. By having a controlled differential in 
diameter on the upper and lower portions, a con- 
trolled variance between the bounce and rebound 
of the strut can be factory preset in an optimizing 
relationship. Notwithstanding, vehicle operators are 
no longer required to tolerate the original equip- 
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ment suspension system characteristics as pread- 
justed by the manufacturer but are now by virtue 
hereof able themselves Jo vary the ride properties 
without the necessity of replacing the suspension 
components in the manner of the prior art Being 
that the spring rate affects the suspension char- 
acteristics more directly than damping changes, 
the system lends itself to programming via simple 
computer systems. The latter could include for 
example a constant ride height system with dy- 
namic characteristics, variable dependent on the 
excursion strokes. While the invention has been 
described in i:ts preferred embodiment as intended 
for vehicle suspension, it should be readily appar- 
ent that it can be utilized elsewhere on a variety of 
apparatus wherever shocic elimination is required or 
desirable. 

- Since many changes could be made in the 
above conistruction and many apparently widely 
different embodiments of this invention, could be 
made without departing from ,the scope thereof, it 
. is intended that all matter contained in the draw- 
ings and specification shall be interpreted as illus- 
. trative and not in a limiting sense. 


Claims 

1. In combination with a vehicle having a chas- 
sis and a wheel, a spring support and damping 
device for interconnectirig the wheel and the chas- 
sis comprising: 

.a fluid cylinder means having opposite first 
and second ends including first arid second rod 
load bearing means and first and second seal 
means, respectively, 

• piston rod means disposed in the fluid cylinder 
having first and second rod portions extending 
through and reciprocally disposed tn the first and 
second bearing means and first and second seal 
means respectively to define a pressure chamber 
for fluid, 

the piston rod including damping piston means 
dividing the cylinder and thereby the pressure 
chamber into a bounce chamber formed between 
the cylinder, the damping piston, the rod means 
.and the first seal means and a rebound chamber 
formed between the cylinder, the damping piston 
means, the rod means and the second seal means. 

the diameters of the second rod portion and 
second seal means being greater than the diameter 
* of the first rod portion and first seal means to 
provide a volume within the cylinder which is de- 
creased as the second rod end is reciprocated into 
the cylinder and increased as the second rod end 
is reciprocated out. of the' cylinder. 

a compressible liquid filling the pressure 
chamber defined by the^ cylinder means, rod 


means and the first and second seal means around- 
the rod means, the liquid being at a static pressure 
sufficient-to force the second rod means out of the 
cylinder to support the vehicle with the piston 
5 means positioned at a desired level withiri the 
cylinder, 

means controlling the flow of liquid between 
the bounce chamber and the rebound chamber 
during reciprocation of the rod means to provide 
10 dynamic damping of the reciprocating motion of 
the rod means relative to the cylinder means as the 
vehicle traverses uneven terra n, and 

first coupling means for attaching the wheel to 
one of the piston rod means or the cylinder means 
15 and second coupling means for connecting the 
chassis to the other of said means. 

2. The combination of Claim 1 for a vehicle 
having a chassis and wheel spindle pivotally con- 
nected by stabilizing linkage means to the chassis, 
20 wherein, 

the second coupling means pivotally connects 
the rod means to the vehicle chassis, and 

the first coupling means connects the cylinder 
means to the vehicle wheel support means suph 
25 that a major portion of the torsional loads applied to 
the wheel aire carried by the spaced first arid 
second load bearing nieans carried by the first and 
second ends of the cylinder riieans and disposed 
around the rod means. 
30 3. The combination of Claim 2 wherein the 
wheel spindle is corinected to the cylinder means 
which is also rotatable about the rod means to 
provide steering for the vehicle. 

4. The combinatton of Claim 2 wherein: 

36 the rod means includes fluid passageway 

meanis providing fluid communication from the ex- 
terior to the interior of the cylinder means, and 
means controlling the passage of fluid through the 
passageway for selectively changing the quantity of 

40 liquid in the pressure chamber to thereby change 
the pressure in the chamber and tiius tiie spring 
rate and static level of tiie rod means relative to the 
cylinder means for a given load. 

5. The combination of Claim 2 ftjrther compris- 

45 Ing: 

means for selectively changing ttie effective 
total fluid volume of the fluid In communication with 
the bounce and rebound chambers to change the 
fluid pressure and thus the spring rate and the 
so static level of tiie rod means relative to the cylinder 
means for a given load. 

6. The combination of Claim 5 wherein: 

tiie means for selectively changing the 
effective total volume comprises a cylindrical fluid 
55 subchamber in fluid communication with tiie pres- 
sure chamber, and - 

means reciproc^ly pdisitioned within the 
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cylindrical sulxhamber for selectively varying the 
volume of the subchamber and thus the total vol- 
ume of the pressure chamber, 

7. The combination of Claim 6 further compris- 
ing electrically driven means for driving the means s 
reciprocally positioned within the cylindrical sub- 
chamber. 

8. The combination of Claim 6 further compris- 
ing hydraulic means for driving the means recipro- 
cally positioned within the cylindrical subchamber. io 

9. The combination of Claim 6 wherein: 

the subchamber is formed coaxial with one 
end of the cylinder means, and the means recipro- 
cally positioned therein comprises the end wall of 
the cylinder Including the respective bearing is 
means and seal means, 

10. The combination of Claim 9 further com- 
prising means responsive to a rotary mechanical 
input for positioning the end wall of the cylinder, 

1 i . The combination of Claim .9 further com- 20 
prising means responsive to a hydraulic fluid force 
to position the end wall of the cylinder. " 

12. The comt)ination of Claim 1 wherein the 
periphery of the damping piston provides con- 
trolled fluid flow between the bounce and rebound 25 

. chambers at least sufficient to provide dynamic 
damping. 

13. The combination of Claim 1 wherein 

the rod mearis forms a rod chamber containing 
a substantial volume of fluid which is In fluid com- 30 
munication with ^ at least one of the bounce or 
rebound chambers to provide an Increased fluid 
volume and thereby a reduced spring rate. 

14. The combination of Claim 13 wherein the 

rod chamber is In fluid communication with at least 35 
one of the bounce or rebound chamber through a 
restrictive flow orifice to provide dynamic damping. 

15. The combination of Claim -14 wherein the 
rod chamber Is in fluid communication with both 

the bounce and rebound chambers through, sepa- 40 
rate restrictive flow orifices. 

1,6. The combination of Claim 12 wherein the 
piston rod means includes a third fluid chamber 
extending at least from the outer end of the second 
rod to the bounce charnber side of the damping 45 
piston, and bounce orifice means providing re- 
stricted fluid flow between the bounce chamber 
and the central fluid chamber. 

17. The combination of Claim 16 further com- 
prising means for selectively altering, the restriction 50 
to fluid flow through at least one of the orifice 
means from outside the cylinder means and piston 
means. 

18. The combination of Claim 17 wherein the 
means for selectively altering the restriction to fluid '55 
flow comprises means positioned in a central bore 
of the rod means and. extending to a point acces- 
sible from the second rod end of the rod means. 


19. The combination of Claim 12 wherein the 
periphery of the damping piston is spaced from the 
cylinder wall to minimize friction and cost of m^u- 
facture. 

20. The combination of Claim 16 wherein the 
third fluid chamber has a volume sufficient to sig- 
nificantly increase the static spring rate of the sus- 
pension device. 

21. The combination of Claim 1 further com- 
prising: 

fluid passageway means extending through at 
least one of the first or second rod portions provid- 
ing restricted fluid flow from one of the chambers 
to the other of the chambers, the point of commu- 
nication of the fluid passageway with the respective 
chamber being spaced from the piston means by a 
limited distance, 

peripheral means on the respective first or 
second cylinder end spaced from the respective 
seal means and forming a limited annular clearance 
with the respective rod portion such that as the 
point of communication of the passageway means 
passes the peripheral means the flow of fluid from ■ 
the chamber will be significantly restricted and the 
maximurin pressure acting on the adjacent seal 
means will be substantially reduced as compared 
to the pressure in the chamber as the piston 
means continues to move toward the cylinder end 
to provide a fluid cushion for. retarding travel of the 
piston toward the cylinder end without subjecting 
the seal means to the con-esponding higher pres- 
sure. • ' . 

22. The cpmbination of Claim 21 wherein the 
limited annular clearance and point of entry are - 
associated with the second end and second rod 
portion to protect the second seal, in the event of 
an extrerhe rebound stroke. 

23. A liquid cylinder device having a piston ' • 
reciprocally disposed in a cylinder and connected 

to a piston rod extending through an end wall of 
the cylinder which carries a peripheral seal slidably 
disposed about the rod. the piston and rod dividing 
the cylinder into a high pressure chamber in which 
the pressure progressively increases as the pistOn 
approaches the cylinder end watt from aother lower 
pressure- chamber within the fluid system. 

fluid passagfeway means extending through the 
rod providing restricted fluid flow from the high 
pressure chamber to the lower pressure chamber, 
the point of communication of the fluid passageway 
with the high pressure chamber being spaced from 
the piston means, 

peripheral means on the cylinder end spaced 
inwardly from the respective seal means and for- 
ming a limited annular clearance with the respec- 
tive rod portion such that as the point of commu- . 
nication of the passageway means passes the pe- 
ripheral means the flow of fluid from the high 
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pressure chamber will be significantly restricted 
and the maximum pressure' acting on the seal 
means will be substantially reduced as compared 
to the pressure in the high pressure chamber as 
the piston means continues to move .toward the 6 
cylinder end to provide a fluid cushion for retarding 
travel of the pHSton toward the cyJinder end without 
subjecting the seal means to the corresponding 
higher pressure- 

24. The combination of Claim 19 wherein the to 
periphery of the damping piston has first and sec- 
ond circular faces each extending radisaJly to pe- 
ripheral edges into close proximity with the cylinder 
wall, one of the peripheral edges being spaced 
slightly further from the cylinder wall than the other 75 
to provide an asymetrical fluid flow path between 
the piston and the cylinder wall wherieby fluid will 
flow more easily in the direction from the one face 
to the other than from the other to the one to 
thereby provide differential dynamic damping. 20 
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